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Abstract: A precise measurement of position using 
a Position Sensitive Detector (PSD) is fundamental 
in mitigating the geometric error factors that are 
caused by the pincushion-type distortion of these 
sensors. These errors can be addressed by 
implementing a differential localized method to 
significantly reduce signal to noise ratio (SNR) in 
PSD and the microscopy system. The differential 
method based on Time difference of Arrival (TDoA) 
is proposed and implemented in this research. The 
simulation and the actual results of the system 
further confirm the significant improvement in 
accuracy and precision of the system. 
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I.    INTRODUCTION 
 
The Position Sensitive Detector (PSD) is an optical position 
sensor (OPS) capable of measuring the position of a light 
spot in one or two-dimensions on the sensor surface. The 
PSD has been employed in many applications but the most 
famous one is in the Atomic Force Microscopy (AFM) 
systems. The very high resolution of the PSD makes it 
suitable for such applications. 
 
The challenges of conducting a precise measurement using 
the position sensitive detector (PSD) has been in 
investigation by researchers [1,3,5]. The most substantial 
factor in the calibration of a local positioning systems (LPS) 
is the differential phase shift between the receivers. One 
solution to this particular problem is in employing a phase-
locked loop (PLL) suggested by Monzú et al [1]. Their 
approach is based on a measurement system that aimed at 
mitigating the noise effects using pseudorandom codes 
modulated by a sinusoidal signal to correct for the errors in 
position calculations. This is possible because of using a 
delay-locked loop (DLL). 
 
Another approach was proposed by implementing a system 
for differential phase measurement [2]. These research are 
based on using the PSD in an open environment that 
transmit signal to an agent robot.  
 
A more precise application was also investigated by 
researchers to construct a PSD microscopy system [3]. A 
significant improvement was reported to as implementing an 
accelerated adaptive local scanning but further results in this 
area are not suggesting a precise measurement.  
 
The most novel approach in this regard is the development 
of a LPS sensor system where PSD sensors are used as IR 
signal detectors [5]. While another approach used a 2D 
bisection method by employing a DLP projector to scan the 
PSD area efficiently [6]. 
 
While these approaches have introduced significant 
advances to the measurement accuracy of the PSD, but still 
the SNR problem that causes the most important and boldest 
effect on the precision measurement of the PSD is left to be 
solved. The proposed method in this research is 
investigating a localized differential method to mitigate 
these challenges. The geometric calibration techniques that 
are used have significantly improved the overall accuracy 
and precision. In addition to the simulation performed in 
MATALB and PSpice, a model of the system was built to 
test the applicability of the proposed method. The presented 
results further confirmed the improvements that were seen 
in the computer simulation section. 
 
II.      METHOD AND APPARATUS 
 
The PSD sensor principle of work is based on photodiode 
structured on either side of the PSD that generate a current 
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dependent on the optical power of the light beam striking its 
active area. Fig. 1 shows the PSD sensor and an equivalent 
pin-cushion PSD circuit. 
 
 
Figure 1. (a) Image of PSD S5991-01, Hamamatsu. (b) 
Equivalent pin-cushion PSD circuit (image courtesy of 
Hamamatsu, obtained from PSD technical information) 
 
To better illustrate the function of the PSD, a sectional cut is 
presented. Fig. 2 shows a sectional cut of a one-dimensional 
PSD that uses a uniform P-type resistive layer. The 2-D 
tetra-lateral PSD works based on the same principle too. 
 
The photocurrent that is received on either electrode can be 
calculated by the Eq. 1. 
 
 
(1) 
 
 
 
where Ia-c are the currents that are received on each of the 
electrodes on the sides of the PSD. 
 
The non-linearity of the PSD was further improved by Song 
et al [7] as shown in Eq. 2. This has been employed to better 
estimate the incident light position. Although an improved 
approach was used in [8] be correction the position error 
using the Brown’s distortion model [9].  
 
This has mitigated the pincushion-type distortion as to 
strengthen the scanning lines of the PSD microscopy system 
proposed. 
 
 
 
Figure 2. A sectional cut of a one-dimensional PSD is 
shown here. The incident light determines the photocurrent 
that the electrodes receive. 
 
 
 
(2) 
 
 
 
This model is investigated by Villiers [10] and shown to 
rectify the pincushion-type distortion in other researches [11] 
in this area. 
 
The transimpedance amplifier used in this research is shown 
in Fig. 3. The I1 current source represents the PSD electrode 
photocurrent for one of the channels. The junction 
capacitance and the feedback resistance for the operational 
amplifier are ideal for the noise reduction purpose. 
 
 
Figure 3. Equivalent PSD sensor circuit and 
transimpedance amplification circuit with noise is shown 
here. 
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The thermal noise associated with the Johnson noise current 
is generated by inter-electrode resistance reported by the 
Hamamatsu PSD. These conditions represented a mostly 
conservative situation which would be unlikely to occur in a 
real case. 
 
III. SIMULATION RESULTS 
 
The simulation of the proposed system was implemented in 
MATLAB and PSpice to verify the model system. Fig. 4. 
shows the overall noise of the PSD system before applying 
the filtering systems designed in this study. 
 
 
Figure 4. The overall noise associated with the PSD system 
in the X and Y axis of the PSD. 
 
It can be noticed from Fig. 4 that the noise is not Gaussian 
in effect and have diagonal effects to it. 
 
These simulations suggest that the noise implications of the 
system are strongly degraded based on the amplification 
system as previously known [12].  
 
Choosing a PSD that does not adhere to the tetra-lateral 
effect such as a lateral effect PSD is an ideal substitution 
because of the resolution of approximately 0.5µm. This was 
suggested by some of the researchers in the area [13-15]. 
This is shown in the post-processing of the PSD signal [16] 
and has applications in the robotics localization [17]. 
 
The initial result of the localization is shown in Fig. 6. It is 
clear that without the proposed method, the signal is not 
square shaped.  
 
Figure 6. Without the localization proposed method, the 
signal is not square shaped and shows a significant amount 
of noise. The figure is from the Oscilloscope connected to 
the output of the circuit. 
 
Figure 5. The noise power in contrast to the frequency and 
the bandwidth (BW). 
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Figure 7. This figure shows the 2nd improvement on the 
signal based on the proposed method. The square shape 
verifies the proposed method. 
 
This result was improved significantly by employing a 
localized differential method as is shown in Fig. 7. 
 
It is clear from Fig. 7 that the proposed method is reducing 
the associated noise to a large degree. This is very consistent 
with the result of the other research in the area [18]. 
 
To further improve this result, the differential localization 
can be employed to rectify the small noises remained in the 
system. Fig. 8 shows that final implementation result. 
 
 
Figure 8. The final improvement of the noise associated with 
the system is shown and the rectification is significantly 
improved using the differential localization method 
 
The final result presented in Fig. 8 shows significant 
improvement in the noise reduction of the system in excess 
of 140% in comparison to our previous tests where the 
filtering was not applied (Fig. 6). This has shown to improve 
the precision of the PSD system to a very large degree. 
It is shown in the simulation and the actual implementation 
of the system that the noise can be reduced significantly to 
improve the precision of the system. 
 
IV. CONCLUSION 
 
This research presents our proposed method of localized 
differential approach to improving the precision of the PSD 
system. It was shown through the simulation and the actual 
implementation of the system that the noise associated with 
overall system was significantly reduced.  
The post-processing of the lateral PSD signal was shown to 
be the most effective approach on improving the signal to 
noise ratio. 
Another improvement was the implementation of the 
Villiers approach to the Brown's model of rectification of 
the pin-cushion type distortion.  
Overall, the simulation and actual result show a very 
significant improvement in the precision of the PSD system. 
 
V.        FURTHER STUDIES 
 
Because of the photocurrent nature of the PSD, the leaking 
of the current to the electrode was seen as a noticeable issue 
in our implementation. This may be prevented by employing 
a digitalized system by using an Analog to Digital Converter 
(ADC) in relation to the amplifier system.  
 
Some future research that can be considered by the use of 
the localized differential approach conducted in this paper 
include implementing a 2
nd
 degree filter based on the 
differential method and also investigating the effects of this 
filter on duo-lateral PSDs as so as tetra-lateral PSDs. The 
same can be also investigated in a one-dimensional PSD. A 
comparison between these implementations can help with 
future research in this field. 
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